Background Psoriasis is a chronic inflammatory skin disease associated with quality of life (QoL) impairment. BRIDGE was a randomized, double-blind, phase III study comparing the efficacy and safety of dimethylfumarate (DMF) with a fixed combination of fumaric acid esters (FAE) or placebo for the treatment of moderate-to-severe psoriasis.
Introduction
Psoriasis is a chronic inflammatory skin disease with systemic manifestations that affects between~2% and 4% of the Western population. [1] [2] [3] [4] Psoriasis may also be accompanied by substantial comorbidity, including metabolic and cardiovascular complications, inflammatory bowel disease and psoriatic arthritis. Consequently, patients commonly experience psychological and social burden associated with their disease. 5, 6 Treatment selection for psoriasis patients depends on clinical need and disease severity. Patients with moderate-to-severe psoriasis are commonly treated with different types of therapy (topical agents, phototherapy, oral systemic small molecule nonbiologicals and systemic biologicals); however, some may receive early intervention with systemic therapies, depending on their disease severity. 7 Recent updates to the European S3 psoriasis treatment, guidelines recommend that involvement of visible areas of the body, scalp, genitals and/or fingernails, and scratching due to itch, are criteria for the upgrade of mild to moderateto-severe psoriasis, supporting the need for earlier treatment with systemic agents in some patients. 8 Commonly prescribed systemic agents historically included methotrexate, ciclosporin and acitretin. 9 A fixed combination of fumaric acid esters (FAE); Fumaderm â (Biogen, Idec GmbH, Germany), of which dimethylfumarate (DMF) is the main active ingredient, has also been shown to display good efficacy and safety long-term and is currently one of the most commonly used psoriasis treatments in Germany. 10 The BRIDGE study investigated the efficacy and safety of a new oral formulation of DMF as monotherapy, compared with FAE (Fumaderm â ) and placebo, in patients with moderateto-severe psoriasis. 11 DMF demonstrated superiority over placebo (P < 0.001) and non-inferiority vs. the FAE combination (P < 0.001) in the percentage of patients who achieved a ≥75% improvement in the Psoriasis Area and Severity Index (PASI 75) at Week 16. DMF also demonstrated a favourable safety profile. 11 DMF (Skilarence â ) as monotherapy received marketing authorization for the treatment of moderate-to-severe psoriasis throughout the European Union in June 2017 and is the only FAE to be licensed throughout Europe. 12 PASI, Body Surface Area (BSA) and Physician's Global Assessment (PGA) are commonly used to assess psoriasis treatment effectiveness. 13, 14 However, quality of life (QoL) outcomes are also important when establishing patient benefit. Psoriasis can affect patients physically and emotionally, leading to anxiety, depression, reduced work productivity and higher financial burden associated with absenteeism. 5, 15 Thus, the need for treatments to demonstrate a real-world impact on QoL is growing. BRIDGE investigated the effect of DMF on patient QoL using the Dermatology Quality of Life Index (DLQI). 11 Here, we report a post hoc analysis of the impact of DMF treatment on QoL outcomes as assessed during BRIDGE, with emphasis on subgroups categorized by baseline disease severity. This study also investigated the BRIDGE efficacy measures at Week 8 (≥50% reduction in PASI [PASI 50], PASI 75, PASI ≤3, PGA of 'clear' or 'almost clear' [PGA 0-1], BSA 10-20% or >20%) as predictors of DLQI outcomes at Week 16.
Materials and methods
The BRIDGE trial (NCT01726933; EudraCT 2012-000055-13) was a multi-centre, randomized, double-blind, three-arm, 16 week, adaptive phase III study as previously described. 11 This trial was conducted in Austria, Germany, the Netherlands and Poland in patients recruited from January 2013.
Patients and treatment
Patients ≥18 years with moderate-to-severe plaque psoriasis (PASI > 10; BSA > 10%; PGA ≥ 3), with a diagnosis of ≥12 months were randomized 2:2:1 to receive DMF (Skilarence â ), FAE (Fumaderm â ) or placebo. Pre-treated patients underwent a washout period prior to treatment initiation. Concomitant treatment with topical and/or additional systemic therapies was not permitted.
Pregnant or breastfeeding patients, patients who failed to respond to previous FAE treatment due to lack of efficacy or tolerability and patients with baseline leucocyte counts <3 9 10 9 cells/L and/or lymphocyte counts <1 9 10 9 cells/L were excluded from the study.
Study drugs were up-titrated over a 9-week period, to a maximum daily dose of 720 mg. All patients underwent 16 weeks of treatment and an off-treatment follow-up period of 12 months to assess safety, rebound and persistence of response.
Assessments
The BRIDGE study assessed the percentage of patients who achieved PASI 75 and PGA 0-1 at Week 16 as co-primary endpoints. Secondary endpoints included PASI 75 at Weeks 3 and 8, total PASI, PASI 50/90 at Weeks 3, 8 and 16, PGA 0-1 at Weeks 3 and 8, and BSA at Weeks 3, 8 and 16. QoL was assessed using the DLQI and was measured at baseline and Week 16.
The DLQI comprises 10 questions relating to symptoms, feelings, daily activities, leisure, work, school, personal relationships and treatment and ranges from 0 to 30. An index of 0-1 indicates no effects at all on patient life; 2-5 a small effect; 6-10 a moderate effect; 11-20 a very large effect; and 21-30 an extremely large effect on patient life. 16 This post hoc analysis evaluated associations between baseline disease severity parameters and DLQI response at Week 16. Efficacy responses at Week 8 (PASI 50, PASI 75, PGA 0-1, PASI ≤ 3 and BSA ≤ 3) were also examined as predictors of a DLQI 0-1 or a ≥5-point reduction in DLQI at Week 16.
Statistical analyses
Dermatology Life Quality Index responses were evaluated for the comparison between treatments using an analysis of covariance model with treatment and centre as factors and were based on the full analysis set (FAS): all patients with at least one measurement of the primary efficacy variables after Week 0. Statistical comparisons between treatment groups were performed using the Cochran-Mantel-Haenszel test for categorical data.
Post hoc analyses were also performed on the FAS population. A chi-squared test between disease severity at baseline (as a categorical variable) and DLQI 0-1 at Week 16 was carried out. A t-test was used when considering baseline disease severity as a continuous variable. Efficacy responses at Week 8 (binary variables: PASI 50/75, PASI ≤3, PGA 0-1) were also analysed as possible predictors of DLQI 0-1 at Week 16 using chi-squared testing. Results at Week 16/end of treatment were analysed using a prospectively defined observed case approach with adjustment for centre. Thus, no imputation technique was applied for missing observations, although the use of end-of-trial visit scores as Week 16 values for patients who discontinued before Week 16 allowed for simulation of a last observation carried forward approach.
Results
At baseline, 671 patients were included in the FAS. Of these, 267 were randomized to DMF, 273 to FAE and 131 to placebo. Mean (SD) DLQI at baseline in the DMF, FAE combination and placebo cohorts was 11.3 (6.26), 12.0 (7.04) and 10.9 (6.49), respectively ( Fig. 1) .
At Week 16, mean (SD) DLQI in DMF-treated patients was significantly lower vs placebo-treated patients, with scores of 5.4 (6.07) and 8.5 (6.88), respectively (P < 0.0001). Significantly more patients in the DMF cohort (36.0%) reported a DLQI 0-1 response at Week 16, compared with placebo (15.3%; P < 0.001). No significant differences were reported between DLQI responses in DMF and FAE-treated patients at Week 16 (P > 0.05; Fig. 1 ). Additionally, mean (SD) % change from baseline in DLQI score at Week 16 was À46.36 (54.56), À34.46 (101.22) and À4.53 (86.59) for the DMF (n = 252), FAE combination (n = 254) and placebo (n = 117) groups, respectively.
QoL measures at baseline by disease severity
In the DMF cohort, 223 (83.5%) and 43 (16.1%) patients reported a baseline PASI of 10-20 and >20, respectively (Table 1) . Mean (SD) baseline DLQI was 10.89 (5.81) in the PASI 10-20 subgroup and 13.51 (7.94) in the PASI >20 subgroup.
Baseline disease severity was similar in the FAE cohort, with 221 (81.0%) and 49 (17.9%) patients reporting PASI 10-20 and PASI >20, respectively ( Table 1) . Mean (SD) DLQI at baseline was 11.58 (7.02) in the PASI 10-20 subgroup and 13.78 (6.90) in the PASI >20 subgroup. In the placebo cohort, 108 (82.4%) and 23 (17.6%) patients reported a PASI of 10-20 and PASI >20, respectively, with mean (SD) DLQI at baseline of 10.20 (6.54) and 14.35 (5.15), respectively (Table 1) .
QoL measures at Week 16 by baseline disease severity
Mean DLQI at Week 16 by baseline PASI severity At Week 16, QoL outcomes for DMF-treated patients were similar across baseline severity subgroups with mean (SD) DLQI of 5.57 (6.18) and 4.42 (5.47) in the PASI 10-20 and PASI >20 subgroups, respectively. Similarly, in the FAE cohort, mean (SD) DLQI at Week 16 was 5.96 (7.13) and 6.64 (7.50) in the PASI 10-20 and PASI >20 subgroups, respectively, indicating that QoL outcomes with DMF and FAE are not impacted by baseline disease severity. These findings are corroborated by the high percentage DLQI changes from baseline compared to placebo, in both severity groups (Table S1 ).
DLQI 0-1 and ≥5-point reduction responses at Week 16 by baseline severity
No significant difference was observed between the number of DMF-treated patients with a baseline PASI of 10-20 (34.8%) and >20 (41.9%) who reported DLQI 0-1 at Week 16 (P = 0.3769; Fig. 2 ). This was also true for PGA: 38.3% and 32.3% of DMF-treated patients with baseline PGA of 3 and 4-5 reported DLQI 0-1 at Week 16, respectively (P = 0.3327; Fig. 2 ). Moreover, 35.3% of patients with a baseline BSA of 10-20% and 37.1% of patients with a baseline BSA of >20% reported DLQI 0-1 at Week 16 following treatment with DMF (P = 0.7647; Fig. 2) .
Similarly, achievement of a ≥5-point reduction in DLQI at Week 16 was not affected by baseline disease severity in the DMF cohort: 46.7% of patients with less (PASI 10-20) and 59.5% of patients with more (PASI >20) severe disease at baseline reported a ≥5-point reduction in DLQI at Week 16 (P = 0.1281; Fig. 2 ).
As with PASI, 47.4% and 51.0% of DMF-treated patients with baseline PGA of 3 and 4-5 reported DLQI 0-1 at Week 16, respectively (P = 0.5754). Likewise, baseline BSA severity did not affect Week 16 DLQI 0-1 responses (P = 0.4147; Fig. 1 ). DLQI outcomes by baseline disease severity like those described for the DMF cohort were also reported in the FAE and placebo cohorts (Fig. 2) .
DLQI 0-1 response at Week 16 by corresponding absolute PASI outcome
For patients who achieved DLQI 0-1 at Week 16, their corresponding absolute PASI was also evaluated. In total, 70 DMFtreated patients (80.5%) who reported DLQI 0-1 at Week 16 reported a corresponding absolute PASI of ≤5. Moreover, 59 (67.8%) and 33 (37.9%) of these patients who reported DLQI 0-1 at Week 16 also reported a PASI of ≤3 and ≤1, respectively. A similar PASI profile was observed in FAE-treated Week 16 DLQI 0-1 responders, with 73 (88.0%), 62 (74.7%) and 34 (41.0%) patients reporting a corresponding absolute PASI of ≤5, ≤3 or ≤1, respectively ( Fig. 3 ). Finally, in the placebo cohort, 11 (64.7%) Week 16 DLQI 0-1 responders reported an absolute PASI of ≤5, 9 (52.9%) a PASI of ≤3 and 3 (17.6%) a PASI of ≤1.
Baseline severity and DLQI 0-1 response at Week 16
Baseline disease severity parameters PASI (P = 0.7129), BSA (P = 0.9849) and PGA (P = 0.6276) were not related to DLQI 0-1 response in DMF-treated patients at Week 16. This was also true of Week 16 responses in patients treated with FAE or placebo.
Efficacy response at Week 8 and subsequent DLQI outcomes at Week 16 PASI at Week 8 In the DMF cohort, significantly more Week 8 PASI 75 responders went on to report DLQI 0-1 at Week 16 vs. PASI 75 non-responders who reported DLQI 0-1 at Week 16 (65.0% vs 33.5%; P = 0.0048). A ≥5-point reduction in DLQI at Week 16 was also more frequent in Week 8 PASI 75 responders compared with non-responders (70.0% vs 47.0%; P = 0.0482). In the FAE cohort, similar trends were observed: significantly more Week 8 PASI 75 responders went on to achieve DLQI 0-1 (P = 0.0059) and ≥5-point reduction (P = 0.0010) responses at
Week 16 compared with Week 8 PASI 75 non-responders ( Fig. 4) . As with PASI 75, significantly more DMF-and FAE-treated patients achieved DLQI 0-1 at Week 16, after achieving PASI 50 at Week 8 vs PASI 50 non-responders (P < 0.0001 and P = 0.0004 for DMF and FAE, respectively). The same was also true of a ≥5-point reduction in DLQI at Week 16 in DMF-and FAE-treated patients (P = 0.0015 and P = 0.0011 for DMF and FAE, respectively). Achievement of absolute PASI ≤3 was also investigated. Significantly more DMF-treated patients reported DLQI 0-1 at Week 16, after achieving PASI ≤3 at Week 8 vs Week 8 PASI ≤3 non-responders who reported DLQI 0-1 at Week 16 (P = 0.0044). Likewise, more FAE-treated Week 8 PASI ≤3 responders also went on to achieve DLQI 0-1 at Week 16 (P = 0.0069; Fig. 5 ).
No significant difference in DLQI ≥5-point reduction responses at Week 16 was observed between Week 8 PASI ≤3 responders and non-responders treated with DMF (P = 0.0815). Conversely, more FAE-treated Week 8 PASI ≤3 responders went on to achieve a ≥5-point reduction in DLQI at Week 16 compared with Week 8 PASI ≤3 non-responders (P = 0.0015; Fig. S1 ).
PGA at Week 8 PGA 0-1 at Week 8 correlated with a higher likelihood of DLQI 0-1 at Week 16. In DMF-treated patients, significantly more Week 8 PGA 0-1 responders went on to report DLQI 0-1 at Week 16 compared with Week 8 PGA 0-1 non-responders (P = 0.0106). In FAE-treated patients, PGA 0-1 at Week 8 also correlated with a higher incidence of DLQI 0-1 responses at Week 16 (P < 0.0001; Fig. 5 ).
No significant difference in DLQI ≥5-point reduction responses at Week 16 was observed between Week 8 PGA responders and non-responders treated with DMF (P = 0.0501). Conversely, more FAE-treated Week 8 PGA 0-1 responders went on to achieve a ≥5-point reduction in DLQI at Week 16 compared with Week 8 PGA 0-1 non-responders (P = 0.0108; Fig. S1 ). BSA at Week 8 No significant correlations were observed between BSA responses at Week 8 and DLQI responses at Week 16 (data not shown).
Discussion
Dimethylfumarate was superior to placebo and not significantly different to FAE regarding DLQI outcomes at Week 16. DMFtreated patients reported a mean 5.9-point reduction in DLQI following 16 weeks of treatment. This post hoc analysis also further investigated the impact on QoL in DMF-and FAE-treated patients, with a focus on subgroups as categorized by disease severity. DLQI responses at Week 16 were not impacted by baseline disease severity. No significant differences in DLQI outcomes were reported between patients with more, or less severe baseline disease, as assessed with PASI, BSA or PGA. These benefits of DMF and FAE are encouraging when considering patient suitability for treatment; baseline disease severity may not be a limiting factor. PASI 50 and 75 at Week 8 were predictors of DLQI 0-1 and ≥5-point reduction at Week 16 in both the DMF and FAE cohorts. Our findings are in line with other studies that have reported an association between clinical response and QoL outcomes. [17] [18] [19] [20] [21] Mattei and colleagues reported that a PASI 75 response translated into a significant improvement in QoL, supporting its use as a tool to predict patient benefit. 22 A ≥5-point reduction in DLQI has also been shown to indicate a minimal clinically important difference (MCID) in QoL and may be a useful tool to assess treatment success. 23 According to a European consensus on psoriasis treatment goals, an absolute DLQI of ≤5 or >5 may be used in conjunction with PASI to determine whether a patient should continue or terminate treatment. 24 This consensus recommends that while treatment failure may be indicated by a 50% or less improvement in PASI, any PASI improvement greater than 50% but less than 75% may be evaluated in conjunction with DLQI to determine the need for treatment modification (PASI ≥50% <75% and absolute DLQI >5, treatment should be modified; PASI ≥50% <75% and absolute DLQI ≤5, treatment should be continued). 24 While there may not yet be full consensus on how best to define treatment goals, efficacy responses at Week 8 as predictors of DLQI outcomes may prove to be useful monitors of treatment success. Moreover, DLQI 0-1 and a ≥5-point reduction in DLQI are both clinically relevant means by which to assess treatment efficacy.
An absolute PASI of ≤3 at Week 8 was also a predictor of DLQI 0-1 at Week 16; however, it was not predictive of a ≥5point reduction. While PASI 50/75 24, 25 and even PASI 90/100 26 responses are widely regarded as therapeutic goals, absolute PASI might also be relevant. A Spanish consensus on psoriasis treatment concluded that absolute PASI should be considered a goal and may show better correlation with DLQI than relative PASI. 27 In addition, good QoL is more commonly achieved in patients who report low absolute PASI. 28 Our findings are in line with this and also suggest that absolute PASI has predictive value for determining subsequent DLQI responses and treatment success.
PGA 0-1 at Week 8 was predictive of DLQI responses at Week 16 in both the DMF and FAE groups. Like PASI, PGA outcomes have been shown to correlate with improved QoL outcomes; thus, this result may be expected. In a multi-centre cross-sectional study, Takeshita and colleagues found that psoriasis patients treated with systemic therapy or phototherapy who reported PGA 0-1 were more likely to report that psoriasis had no effect on their QoL. 29 PGA responses may thus also be useful measures of treatment success. Low patient numbers as observed here may reflect the early time point at which efficacy was recorded. Studies investigating the efficacy of FAE have reported that maximum clinical effect may not be reached until Week 24. 30 Up to 20% of DMF-and FAE-treated patients who did not achieve PASI 75 at Week 16 achieved DLQI 0-1 (vs. 8% with placebo), suggesting that in a subgroup of patients DLQI may not be completely dependent upon efficacy outcomes. This was also shown upon evaluation of absolute PASI at Week 16 of DLQI 0-1 responders in the DMF cohort. Only approximately one third (37.9%) of patients who reported DLQI 0-1 at Week 16 also achieved a PASI ≤1. The remaining two thirds (62.1%) of DLQI 0-1 responders reported good QoL outcomes while not achieving fully cleared skin (PASI >1). Treatment goals to achieve clear skin may thus not guarantee 'happy' patients, and by the same token, patient satisfaction may not be wholly dependent upon clear skin.
While several studies have confirmed a correlation between PASI and DLQI, there is no evidence for redundancy between the two measures. As reported here, patients may achieve improved QoL outcomes despite not reaching target efficacy. Kimball and colleagues reported that 50% of etanercept-treated patients who did not reach PASI 50 still reported at least a 50% improvement in DLQI. 31 These measures evaluate different aspects of psoriasis and can provide valuable information about patient response to therapy. The correlation between the two measures may rather be used to inform mid-treatment evaluation and to predict treatment success in the future.
Finally, the impact of DMF as reported at Week 16 in this study is in contrast to some studies with FAE that have demonstrated that full clinical efficacy may not be reached until up to 24 weeks. 30 Interim analysis of data collected during the ongoing 52-week DIMESKIN trial (EudraCT: 2017-001368-40) investigating the long-term efficacy of DMF in patients with moderateto-severe psoriasis revealed a significant reduction in median DLQI scores between baseline (10.5) and following 24 weeks of treatment (1.0; P < 0.001 [n = 84]). 32 In another observational study investigating DLQI outcomes in FAE-treated patients, mean DLQI in patients demonstrated an 8.9-point improvement following 12 months of treatment. 33 This post hoc analysis to examine the effects of DMF on QoL outcomes according to baseline severity has further demonstrated that DMF has significant impact on patient QoL and that efficacy responses as early as Week 8 may serve as predictors of QoL outcomes and treatment success.
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